Introduction
In the early 1990s, it was shown that the majority of specific pathogen-free (SPF) pig farms in Switzerland were likely to be reinfected with Enzootic Pneumonia (EP) and Actinobacillus pleuropneumoniae (APP) as a result of aerosol transmission from infected neighbouring farms (Stärk et al. 1992) . This supported results reported earlier in Denmark (Thomson et al. 1992) and in the UK (Goodwin 1985) . Thus, an important transmission route of respiratory agents acting in parallel to direct transmission (Ross 1992 ) was documented. Protection against airborne transmission cannot be achieved by individual farmers. As a result , the Swiss Veterinary Services initiated a programme of area-wide eradication of EP and APP in all pig farms (Zimmermann et al. 2001) . A similar programme was also implemented in Finland (Rautiainen et al. 2001) . The control of these diseases is now compulsory for all commercial and hobby pig farms in Switzerland. The eradication campaign for EP involved partial depopulation of breeding farms and complete depopulation of finishing-only farms. Partial depopulation is essentially based on an interval of 14 days, where no pigs under 10 months of age are kept on the farm (Zimmermann et al. 1989 , Zimmermann 1990 , Lium et al. 1992 , Baekbo et al. 1995 . The eradication of APP involved complete depopulation of all types of farms. For both respiratory diseases, vaccination is forbidden in Switzerland. After an exploratory investigation using a spatial simulation model (Laube et al. 1997 ) and a pilot project in 2 well-defined regions in Switzerland (Masserey-Wullschleger & Maurer 1996) , a nation-wide eradication programme commenced in August 1996. The district veterinary offices annually expand the sanitations into new defined regions. The goal is to achieve eradication by the end of 2004. Following the eradication programme in the first region in 1996, farms were reinfected regularly. Although the reintroduction of Mycoplasma (M.) . hyopneumoniae seemed to be mainly associated with direct contact with infected swine through trade, for many cases, obvious reasons for its reinfection were not identified. The need for effective biosecurity measures on farms and during the transport of animals led to regulations being developed to control animal trade. Despite these measures, the risk of reinfection remained a threat for SPF pig farms. Even after an extensive investigation of all potential sources of infection on these farms, some cases remained un-explained. The study presented here was conducted with the following objectives:
1. To undertake an epidemiological analysis of the status of the area-wide eradication programme. 2. To identify and quantify risk factors for reinfections in those areas which had completed the eradication programme for EP and APP. 3. To recommend measures to prevent the reintroduction of infection.
Materials and methods
The study consisted of 2 parts: an observational study of affected and control farms, and a survey of pig dealers and transport companies. The observational study was designed as a casecontrol study with an equal number of cases and controls.
Farm recruitment
The study was conducted in 3 defined regions in The majority of the questions were closed questions, giving the opportunity to answer either 'yes' or 'no'. For some questions, a choice of possible answers was offered from which one had to be chosen. Some questions were designed to assess the farmer's personal opinion or to capture the subjective impression of the interviewer (e.g. assessment of ammonia con-centration in the air: score 1=no ammonia smell detected, score 2=ammonia smell detected, score 3=high ammonia concentration causing eye irritation). The interview on the control farms was conducted similarly except that all questions regarding the reinfection were not asked. All interviews were conducted by the principal investigator.
For the investigation of pathways of transmission for case farms, the categories "transmission by purchase of animals" and "transmission by chronic, undetected infection" were based on the data collected by the SPHS. In those cases where there were neighbouring infected herds and other transmission pathways were not identified, the category "air-borne transmission" was used as a tentative classification. In all remaining cases without infected neighbours, the category "source unknown" was used.
Survey of pig dealers and transport companies
Data on all registered dealers and transport companies in Switzerland were extracted from the database of the SPHS. A questionnaire was sent together with a covering letter explaining the objectives of the study to all 212 companies. After identification and deletion of companies that had ceased business during 2000 or 2001, the database was updated. Finally 158 dealers and transport companies remained. All companies who did not respond to the first mailing were sent a reminder.
The questionnaire was divided into 6 sections: General infor mation (address; phone number; responsible person), logistics (number of transport vehicles and company drivers; contractors), infor mation on dealing activities (regions; areas not included in the eradication programme; non-SPF animals; number; time and frequency of transport of piglets, sows, slaughter animals; criteria for planning transport routes; transport of other animals such as cattle, horses, sheep, goats), biosecurity (clothing; changing room; shower facilities; possibilities of changing the route), cleansing and disinfection (control of hygiene status of the vehicles; contact with slaughterhouses; butcheries and emergency slaughter sites), transpor t vehicles (equipment such as loading areas; loading ramps; the surface material of ramps).
Data management and analysis
The data from both questionnaires were entered into a database management system (Microsoft Access) and then imported into a statistical software package (NCSS 2000, Number Cruncher Statistical Systems, Kaysville, Utah). A descriptive statistical analysis was conducted. For the case-control data, each potential risk factor was screened for significant association with reinfected farms. Associations between the outcome (reinfection) and continuous data were tested using the Wilcoxon SignedRank test, whereas binomial data were tested using the Chi-Square test. Associations were expressed as odds ratios (OR) with their 95% confidence intervals (CI). Each variable with a statistical significance of p≤0.05 at the univariate level was considered for multivariate analysis. This cut-off level was chosen because of the high number of variables with a value of p≤0.05 and the limited number of farms in the study. A backward stepwise selection procedure with a cutoff level of p=0.05 was used. One-way interactions that were biologically plausible or for which scientific evidence was available were tested for significance in the final model.
Results

Case-control study
Out of a total of 3,983 farms at risk, 107 farms were reinfected in the selected areas of the 3 Cantons during the year 2000. Fig. 1 provides an overview of the location of the 3 Cantons and the ratio of case and control farms per district. A total of 103 farms were infected with EP and 4 farms with APP. This resulted in an annual incidence of the reinfection of 2.6% for EP and 0.1% for APP. In breeding farms the incidence was 1.7% (20 farms), in mixed breedingfinishing farms 2.4% (n=17) and in finishing farms 3.4% (n=70). A total of 71% (n=76) respect to the outcome, that is, if it was more frequent in the case than in the control group. The frequencies of farm characteristics for all farms are presented in Table 1 . Since there were no missing values for the variables entered into the multivariate logistic model, all 214 farms were included in this analysis (107 cases, 107 controls). The results of the final model are presented in Table 2 . There were no statistically significant one-way interactions for risk factor combinations. The logistic regression showed an agreement between the predicted and the observed result for 77.5% for the control farms and 81.3% for the case farms. The model's ability to correctly classify a farm was 79.4%.
Survey of dealers and transport companies
After the first mailing, 42 (26.6%) responses were received. Following a reminder, an additional 36 replies were obtained. Thus, out of 158 questionnaires, 78 (49.4%) were returned completed. The denominator for all results shown below was 78. The collected data were analysed descriptively. Regarding general information of all respondents, 94% of the companies owned the vehicles they used, while 24% were working with contractors. In 37%, at least one driver lived on a farm and in 19% owned pigs himself. Information on dealing activities provided an indication of how extensive the activities of the companies were. Out of all companies, 71% were only active in one of the 26 Swiss cantons, and 51% were limiting their activities to regions involved in the eradication programme. Regarding age classes of animals, 63% were dealing with sows and boars and 93% with finishing pigs. Regarding combined animal transports, 48% were dealing with breeding and finishing pigs. Only 14% of all companies had different vehicles for breeding and finishing pigs. In 45% of the companies, it was possible to change pigs from one vehicle to another during the pick-up run, and in 16%, trailers holding animals were sometimes parked temporarily. Spe- The data were analysed for small-scale companies and large-scale companies separately to determine if there were statistically significant differences between the working practices of one-man-companies compared to larger companies. A small-scale company was defined as being a one-man-company owning just one transport vehicle. Out of all questionnaires filled in correctly, 39 (50%) came from smallscale companies. Ten factors were statistically significant at a probability level of p≤0.05. One-man-companies owned an animal farm (p=0.010) or pigs (p=0.002) less often than large-scale companies. Their activities were more often limited to one Canton (p<0.001) and more often in regions participating in an eradication programme (p=0.003). They were dealing less frequently with sows and boars (p=0.041).
Incidence of reinfection in pig farms
Regarding biosecurity measures, small-scale companies rarely had any concept of planning transport routes (p=0.014). They transported other livestock in the pig transport vehicles more often (p=0.025). During transportation, they were less likely to reload pigs (p<0.001) or parking their trailers temporarily (p=0.012). One-man-companies rarely provided a room for changing the driver's working clothes (p=0.013).
Discussion
This case-control study showed that reinfections are a problem in areas where EP and APP have been eradicated. In the 3 areas in Cantons involved in this study, 107 out of 3,983 farms were reinfected. In the past, reports of the Swiss Pig Health Service demonstrated a steady annual reinfection rate of 2-3% (Keller 1988 , Stärk 1991 . Our data confirm a decrease of the risk of reinfection following eradication. As in any observational study, this study is not free from potential bias. Regarding misclassification of controls, farms may have been subclinically infected with EP at the time when they were visited and their data were collected. Also, as tracing of contacts is often incomplete, secondarily infected cases may have remained undetected. However, we believe that this would only involve a sporadic number of farms. As this type of misclassification would be nondifferential, it would result in an underestimation of the odds ratios. Furthermore, it is known from the Swiss Pig Health Service that the information provided by the farmer is often not complete. Similarly, the data that we collected could be affected by information bias. Farmers from case farms could have looked for an external cause of the reintroduction of infection and therefore make more pessimistic statements regarding pig suppliers, dealers and transport companies or visitors than farmers from control farms. Additionally, disease detection on finishing farms may have been easier because the likelihood and the intensity of coughing is often greatest in growing-finishing swine (Gardner & Hird 1990 , Sheldrake et al. 1990 , Clark et al. 1991 . A possible consequence could be an overestimation of trade-related risk factors. Finally, because the participation of dealers and transport companies in the study was not compulsory and the questionnaire was mailed out, the quality of the data may not be equivalent to that obtained from a personal interview. Because there were only 4 cases where APP was reintroduced, the results of this study are limited regarding this agent. Consequently, the risk factors described here are more relevant for EP reinfections. The risk factors in this study are not new but confirm earlier work (Stärk 2000) . Five variables were identified as important for the reintroduction of infection. Results from the logistic model showed a 4 times higher risk for finishing-only farms compared to breedingonly farms. The effect of herd type was also seen in the difference between the incidence rates for finishing-only and breeding-only farms, (OR=2.08; CI 1.26-3.44). Finishingonly farms had a higher risk of becoming reinfected. One reason for this is that finishing farms are dependent on breeders for animal supply. If a breeding farm is reinfected the risk of infection for finishing farms purchasing animals from it is high. Thus, a flow of infection from breeding to finishing herds may develop. There are always 2 different transportation routes for animals on a finishing farm, one to the farm (i.e. from a breeder or mixed breederfinisher) and one from the farm to the slaughterhouse. Every purchase necessitates the transportation of animals, and related factors become important, e.g. dealing companies, transport vehicles, drivers, other loaded animals. The survey of dealers and transport companies indicated that in only 80% of the situations, vehicles could be cleaned and disinfected at the slaughterhouse. As a result drivers who do not thoroughly clean and disinfect their vehicles may pick up bacteria and spread them to other farms. Comparing the incidence rates for breeding-only and mixed breeding-finishing farms in general, the study did not show any significant differences. However, the results do indicate a significantly higher risk for mixed breeding-finishing farms with at least 100 growing-finishing pigs compared to breedingonly farms. Mixed breeding-finishing farms with a maximum of 99 growing-finishing pigs did not show any difference to breeding-only farms. The difference is likely to be due to the fact that large mixed breeding-finishing farms are exposed to many of the same risk factors for finishing-only farms described above.
As reported in the literature, multi-source purchases are a risk factor (Stärk 2000) . This study did not distinguish between the different types of purchases (e.g. breeding animals, piglets or finishing pigs). Farms purchasing from one only source were at less risk than farms with other purchasing practices. Well established, limited trading relationships appear to be advantageous regarding the risk of reinfection. In contrast, having a closed farm was not a statistically significant protective factor in this study when compared to all other purchasing strategies. One explanation may be that the variable "number of suppliers" only accounts for "trade" contacts associated with purchasing but not selling pigs. In contrast to APP, EP is often spread by airborne transmission (Goodwin 1985 , Stärk et al. 1992 , Thomson et al. 1992 . Several potential sources of aerosol transmission were identified as risk factors in this study. If there were infected neighbours present, reinfection was more likely. To control air-borne transmission, it is necessary to depopulate pig stables where infection has been reintroduced as soon as possible. However, partial depopulation of a reinfected breeding farm takes time, often several months, because all animals older than 10 months have to develop an immune response in order for partial depopulation to work (Zimmermann et al. 1989 , Zimmermann 1990 . In a situation where an infected farm poses a significant risk to its SPF neighbours, total depopulation rather than partial depopulation may have to be employed. The importance of size and dis-tance to infected neighbours as described by other authors (Goodwin 1985 , Jorsal et al. 1988 was not observed in our study. However, parking sites for transport vehicles close to pig farms were found to be a risk factor. They may act as a source from where aerosols can spread. In this study, parking sites were at a distance from between 10 and 2000 meters from a farm. Based on the findings of this study, recommendations for the prevention of reinfections can be made at different levels. Newly introduced infections, so called index cases, within SPF areas need to be detected as early as possible. However, the long incubation periods associated with M. hyopneumoniae and A. pleuropneumoniae hinders a prompt follow-up. With the decreasing occurrence these pathogens and the absence of severe clinical signs in pig reared in hygienic environments, detection requires a high level of awareness of disease and reporting of suspicious, even vague, clinical symptoms. This needs to be supported by checks routinely conducted at slaughter and continuing clinical surveillance through farm visits. Furthermore, serological screening may be applied as described by Rautiainen et al. (2001) . For example, tests based on meat juice analysis at slaughter may be particularly well suited to this situation. All data should be entered into a registration system to enable epidemiological data to be routinely updated. As the pig density in Switzerland is unlikely to decrease in the next few years, the risk of air-borne transmission can only be reduced by minimising the number of index cases and eliminating temporary aerosol sources (e.g. parked trucks). Some cases where infection was reintroduced in this study may have been connected to chronically infected breeding-only herds. Partial depopulation may not have been successful on these farms or they may have been misclassified initially as being not infected. The latter situation was also reported from the Finnish programme (Rautiainen et al. 2001) . This can occur, if the infection is still active in animals older than 10 months of age remaining on the farm. Where the reintroduction of infection is suspected or confirmed, all infected pigs should be removed from the particular farm. These pigs should either be slaughtered or finished at well-isolated locations. This will ensure the rapid removal of infection sources and therefore the occurrence of secondary cases. The transportation of pigs needs to be optimised. Regarding the information collected from dealers and transport companies, several factors should be analysed further to derive recommendations for the prevention of index as well as secondary cases. In the context of a nation-wide eradication programme, the area in which a dealing company is active is important. As long as SPF and non-SPF regions exist in Switzerland, it is likely that spread of EP and APP is facilitated by direct and indirect contact between farms, pig herds and slaughter sites via transport vehicles. The data collected in our survey indicate that improvements are possible. For example, the strategic planning of transport routes and hygiene are likely to be essential components of the Swiss eradication programme, contributing significantly to its success. Cleaning and disinfecting stables, loading sites, transport vehicles and washing areas at the slaughterhouses are basic measures for preventing the spread of infection. Permanently accessible areas to clean and disinfect transport vehicles need to be provided at butcheries, emergency slaughter sites and knackeries. To plan transport routes and improve hygiene dealers, producers, the Swiss Pig Health Service and the Veterinary Services will all need to cooperate closely.
nerings-program i perioden 1996 til 1999, og at estimere omsaetteres rolle i forbindelse med disse reinfektioner. Undersøgelsen var baseret på sammenligning af besaetninger, der var reinficeret i år 2000 (cases) og svinebesaetninger, der forblev ikke inficeret (kontroller) i samme område. Desuden blev der indsamlet data fra schweiziske omsaettere af svin og transportører. Af i alt 3983 besaetninger blev 107 besaetninger reinficeret i år 2000. Incidensen var 0,1% for Actinobacillus pleuropneumoniae og 2,6% for Mycoplasma hyopneumoniae (enzootisk pneumoni). Sammenlignet med reinfektionsraterne før saneringen er dette en betydelig reduktion. Statistisk signifikante risikofaktorer for reinfektion var "slagtesvinebesaetning", "stor so og slagtesvinebesaetning", "reinficeret nabo" og "parkering af transportvogne til svin taet ved besaetningen". Svinebesaetninger, der indkøbte svin fra én besaetning pr. hold havde en lavere risiko for at introducere infektion (beskyttende faktor). Så laenge inficerede og ikke-inficerede områder findes side om side i Schweiz vil direkte og indirekte kontakt mellem besaetninger og mellem svinebesaetninger og slagtesteder via transportvogne vaere en vigtig kilde til spredning af sygdom. Håndtering af risici, der er forbundet med disse kontakttyper, er derfor saerdeles vigtigt. Undersøgelsen blandt omsaettere indikerede forskellige områder, som kunne forbedres, så som strategisk planlaegning af kørsels-ruter og desinfektion af transportvogne.
